Rational structure based drug design aims at identifying ligand molecules that bind to the active site of a target molecule with high affinity (low binding free energy), to promote or inhibit certain biofunctions. Thus, it is absolutely essential that one can evaluate such affinity for the predicted molecular complexes in order to design drugs effectively. A key observation is that, binding affinity is proportional to the geometric fit between the two molecules. Having a way to assess the quality of the fit enables one to rank the quality of potential drug solutions. Other than experimental methods that are associated with excessive time, labor and cost, several in silico methods have been developed in this regard. However, a main challenge of any computation-based method is that, no matter how efficient the technique is, the trade-off between accuracy and speed is inevitable. Therefore, given today's existing computational power, one or both is often compromised. In this paper, we propose a novel analog approach, to address the aforementioned limitation of computation-based algorithms by simply taking advantage of Kirchhoff's circuit laws. Ligand and receptor are represented with 3D printed molecular models that account for the flexibility of the ligand. Upon the contact between the ligand and the receptor, an electrical current will be produced that is proportional to the number of representative contact points between the two scaled up molecular models. The affinity between the two molecules is then assessed by identifying the number of representative contact points obtainable from the measured total electrical current. The simple yet accurate proposed technique, in combination with our previously developed model, Assemble-And-Match, can be a breakthrough in development of tools for drug design. Furthermore, the proposed technique can be more broadly practiced in any application that involves assessing the quality of geometric match between two physical objects.
Introduction

1
Rational structure-based drug design is the process of searching for molecules so called similarly to finding the right key for a lock [1] . Importantly, the affinity between the 5 selected ligand and the receptor of interest must be high compared to the potential 6 ligand competitors. In fact, this affinity reflects how favorable the bind between ligand 7 and the receptor is in terms of free energy. Unquestionably, the most accurate way for candidates. Nevertheless, although robotic methods have facilitated carrying out 10 thousands of tests in one day [2] [3] [4] , and several libraries of ligands have been compiled 11 and used [5] [6] [7] , to this date, only a tiny portion of innumerable possibilities has been 12 screened [8] . Fortunately, the emergence of virtual screening [9] [10] [11] has provided a 13 cost-effective tool for exploring the ligand libraries. Having the target structure 14 identified by X-ray crystallography [12] , NMR [13] or some other well-established 15 structure solving technique, computational methods are employed to score and rank the 16 candidate ligands via force-field-based, empirical or knowledge-based techniques or a 17 combination of them [14] , in an iterative fashion [1, 15] . Based on the results of this 18 ranking, the most promising ligands are synthesized chemically to be further 19 investigated experimentally [1, 16] Assemble-And-Match tool. For further details, the reader is referred to [19] . The setup for the proposed affinity evaluation technique is shown. The conformable ligand which is assembled using 3D printed fragments is placed into the binding pocket on the 3D printed receptor. The affinity between the two molecules, which is reflected in the quality of geometric match between the the ligand and the receptor, is evaluated by identifying the number of contact points. This is done by measuring the electrical current passing through the formed parallel circuit when a voltage is applied to the system. Two different setups are proposed. Both of these setups have a parallel electrical circuit at their core and each path of the parallel circuit corresponds to one of the potential connection spots. In the first setup (shown at the top) any contact between ligand and receptor will indirectly close the circuit in another part of the setup, partially contributing to the measured total electrical current. In the second setup (shown at the bottom) the ligand itself is made of conductive material and is part of the electrical circuit. Therefore, the points of contact between the ligand and the receptor directly close the circuit. The lines passing through the receptor are conductive for the second setup. Springs are embedded in both setups and among their functions are adding flexibility and ensuring a realistic evaluation of the geometric match quality. Use of resistors, electrical resistances of which are identical and much greater than that of other conductive components, guarantees that the overall electrical current is proportional to the number of resistors and subsequently proportional to the number of contact points.
The new feature: rapid affinity evaluation
70
As briefly discussed in the introduction section, the idea behind the proposed technique (Fig. 1a) , the extensions of closing open paths. In the second setup (Fig. 1b) 
An example of the first setup
107
A test was designed to assess the feasibility of the first proposed setup and to investigate 108 whether our solution can provide a consistent meter for quantitative measurement of the 109 quality of geometric match or in other words affinity between receptor and ligand. For 110 this purpose, one receptor and three potential ligands were designed and 3D printed.
111
Note that the geometric shapes of the printed components in this test did not mimic 112 those of bimolecular entities. This was deliberately so, to make it easier to verify the 113 validity of the method and further to showcase the generality of the method. cantilever structure used in the design negates the need for using spring components 120 and thus promotes a one-piece printed structure which significantly facilitates the 121 fabrication process of the tool.
122 Table 1 To test the second setup, a small portion of a peptide chain with the PDB code 2MZU 132 was 3D printed using PLA-based conductive filament with nominal volume resistivity of 133 0.6 Ωcm. Further, the semi-perfect receptor [19] was printed using ABS material and 134 holes were embedded in it to accommodate the conductive columns. Fig. 3 demonstrates 135 the setup including the electrical circuit that enables affinity measurement. 
